The question on the inflation expectations management is one of the most important ones from the central bank's point of view. The inflation forecast can be a helpful tool of managing expectations. If it actually is, the interdependences of the inflation forecast and expectations can be observed. The existence of such interdependences opens the field for determining the preconditions that might support expectations formation. The hypothesis assumes that associations of inflation forecasts and inflation expectations depend on the central bank's credibility and consistency in inflation forecast targeting. The research covers the Czech National Bank, the National Bank of Hungary, the National Bank of Poland and Sveriges Riksbank. The research combines qualitative and quantitative methods. The research uses survey-based expectations quantified with probabilistic method. The main finding is that the relatively high level of credibility and consistency in inflation forecast targeting is not sufficient to achieve strong interdependences of inflation forecast and expectations.
Introduction
Modern monetary policy focuses on inflation expectations. Central bankers are con-tinuously searching for the tools that would enhance their opportunity to influence inflation expectations. Inflation targeting framework offers it via focussing on numerically set inflation target, producing and publishing inflation forecast, setting floating exchange rate regime, ensuring central bank's independence and transparency. One argues that the central bank's inflation forecast is one of the most important tools of supporting inflation expectations. Empirical research proves that there are interdependences between inflation forecast and inflation expectations. Their strength differs among the countries. There is no obvious reason for such a diversity. That is why the research question of this paper is, whether there are institutional or practical solutions that may enforce the strength of correlation between the inflation forecast and inflation expectations.
The research covers expectations of the less qualified economic agents -namely consumers. They are "secondary readers" of the central bank's news. On the other hand, their economic decisions are crucial for both the economic performance, and for the monetary transmission itself. It has also been proved that consumers do not form their expectations rationally. Therefore, finding out what factors may support their forward-looking attitude is worthwhile. This choice of consumers´ expectations to some extent imposes the research methodology. It also imposes possible factors considered as supportive in terms of shaping the expectations. Intricate aspects of monetary policy are not to be considered. This research covers two factors: central bank credibility (and effectiveness) and central bank consistence in implementing inflation forecast targeting. The research hypothesis assumes that interdependences of inflation forecasts and inflation expectations are higher when (1) the central bank is credible and (2) is consistent in implementing inflation forecast targeting.
The research covers Hungary (the National Bank of Hungary, NBH), Poland (National Bank of Poland, NBP) the Czech Republic (the Czech National Bank, CNB), and Sweden (Sveriges Riksbank, SR). They all operate in inflation targeting framework. Three of them represent young market-oriented economies and the fourth one -the Sveriges Riksbank is one of the most experienced inflation targeters worldwide. Such a choice enables comparative analysis having the Sveriges Riksbank as the reference country due to its practice in implementing inflation targeting (IT), forecasting inflation, and relatively high interdependences of inflation forecasts and inflation expectations of consumers.
The paper is divided into 3 sections. The first one presents the literature overview of the expectation in monetary policy and the forecasts of inflation functions. The second section delivers details on methodology. In the third section the results are presented and commented upon. The paper contributes to the literature on IT and inflation expectations formations. It enables the in-depth comparison between the four countries in question.
Literature Overview
Expectations are in the center of the central bank's interest as they are the driving factor in modern monetary transmission. Inflation equation (New-Keynesian Phillips curve) is derived from the staggered prices model. It assumes the prices cannot be reset continuously. Each price setter is allowed to change its price at the random chosen moment. The probability of this change in period t is independent of the moment of the last price change and it is also independent across the firms. A firm knows that the change of price may not be possible in the following period. That is why a company while setting its price takes into account the expected average price and the excess demand in the future (Calvo, 1985) . Firms changing their prices now do not know when the next change is possible. They consider not only today's conditions but also their expectations on future costs and demand. The explanation why they do not change the prices in any moment varies over time. Initially, the existence of nominal and real rigidities was the bounding factor. The rigidities, described in Neokeynesian stream of literature, were of different origin, the examples of which are found in (Ball, 1990) , (Mankiw, 1985) . Recent findings refer to sticky information (Mankiw, 2002) and the choice of inattentive behaviour: the producers set the price for their output and optimal time when they do not process any new information (Reis, 2006) .
Apart from the inflation expectations, today inflation depends on the output gap. The output gap depends on the real interest rate and the expected economic development. The most commonly applied reaction function of the central banker also refers to inflation expectations. Three basic equations of the modern economic theory are derived from (Galí, 2008) , (Goodfriend, 2007) .
The monetary transmission given by the New Neoclassical Synthesis is broadly accepted by the central bankers. It imposes the search for such a framework of monetary policy that enables steering inflation expectations. As summarized in (Woodford, 2003, 15-18) optimizing model implies that private sector behaviour should be forward-looking; hence expectations about future market conditions should be a significant determinant of current behaviour. If the central bank is able to affect expectations, it will have more opportunities to achieve the goals that have been set.
The research on expectations focuses mostly on the expectation formation, their consistency with the inflation target and insensitiveness to changes in current inflation, and the role of expectations in creating actual price dynamics (Łyziak, 2014) .
The examination of all the aspects of expectations should be preceded with an assumption on the expectation formation or with their measurement. The theory on expectations formation has evolved and has been reflected in changes of the Phillips curve. The Monetarists proposed expectations' augmented Phillips curve. Formal model of expectations proposed by (Cagan, 1956 ) assumed that economic agents form their expectations referring to the information the past (adaptive expectations). New Classical Economy highlighted the rationality of expectations (Lucas, 1972) . Nowadays bounded rationality or adaptive learning which incorporates learning mechanism in economic model prevail in theoretical analysis. Empirical research confirms that the expectations of economic agents are biased regardless of the territorial scope of the research (Forsells, 2004) , (Dias, 2010) , (Mitchell, 2007) , (Łyziak, 2003) . Non-rationality of the expectations (their bounded rationality) justifies the research on the best ways of supporting expectations formation. A number of recent papers focuses on rational inattentive behaviour to explain how nonspecialist form their expectations. Time-constrained consumers optimize their utility and undertake consumption decisions infrequently. The slow diffusion of information among them results from the costs of acquiring information as well as the costs of reoptimization. Facing these costs, a person setting a plan of action for consumption must choose not only what to consume, but also when to plan again. With regards to her consumption plan, between two periods which are in between planning dates, the person is not obtaining any new information (Reis, 2006a) . The literature refers also to epidemiological expectations. It argues that the consumers form their expectations taking into consideration professional forecasts distributed by the media. They do it imperfectly, as they need time to absorb the economic content of news stories, so it takes some time for economic conditions to change (Carroll, 2003) . The expectations formation process is analogous to the transmission of a disease which needs a contact with a common source of infection in a population. Such a source of infection for consumers' inflation expectations are media. The news spreads slowly among the economic agents. Carroll's epidemiological expectations theory is supported (or partially supported) by the empirical findings for the USA (Pfajfar, 2013) , Germany (Lamla, 2012) and for China (Lei, 2015) . Other studies search for possible enlargement of original Carroll's findings and examine whether the volume and content of the media signal may affect consumers forecast accuracy (Lama, 2014) .
The discussion on expectations focuses also on their measurement. As they are directly unobservable, the expectations can be inferred from a macroeconomic model (the assumption on the way how they are formed is needed) or measured empirically on the basis of financial market data (prices and yields of bonds, for example) or the surveys. One distinguishes direct and indirect measurement and testing of expectations. Direct tests make use of survey data on expectations, and the indirect tests focus on cross equation parametric restrictions of the expectations formation models when combined with a particular parametric economic model (Pesaran, 2005) . Indirect methods are based on the analysis of the influence that expectations exert on economic environment in which they are formulated. The expectations are deduced from the behaviour of economic system. (Tomczyk, 2010) . The lack of generally accepted pattern of expectations formation process is a significant drawback of this approach.
Survey based approach to quantification of expectations is broadly accepted. Its advantages are: the forecast accuracy (specialists' and consumers' expectations are better predictors of a year ahead inflation), there is no need of any a priori assumption (which is needed in a model based forecasts), there is no contamination of the data by transaction costs, risk premium, and taxation (which is characteristic of financial assets prices) (Ang, 2007) . The survey based expectations are also used in this study. It is also justified by the choice of the consumers as a reference group.
It is widely acknowledged that inflation targeting is monetary policy strategy that fits to the monetary theory and is designed to manage expectations. This framework encompasses five main elements described in (Bernanke, 2001) . Central banks implementing inflation targeting are not obliged to focus their decision-making process on any variable. It is the information inclusive strategy in which many variables are used in order to set the policy instruments. However, the central bank may seek to facilitate the decision-making process and focus on inflation forecast. Producing and revealing inflation forecast is the immanent part of fully-fledged inflation targeting. The inflation forecasts enable forward-lookingness of monetary policy which is an important feature in the light of monetary policy lags existence. It may also simplify the discussion of the monetary policy committee (MPC). The forecast incorporates a set of historical and current data including expectations. One variable -the forecast -includes the idea of analysing various data. Instead of discussing them one by one, the MPC may discuss only (or mainly) the forecast (Szyszko, 2011) .
The central bank may produce its inflation forecast on different interest rate assumption. The most common solution is the assumption on the constant bank's rate throughout the forecast horizon. Such a forecast is called conditional. Instead of constant rate assumption, conditional forecast can be produced with the assumption that the rates change according to market expectations. The forecast is called unconditional when the interest rates are endogenized due to reaction function incorporation to the model or application to specific targeting rule. Possible option of interest rate assumption are broadly discussed in Svensson (2003) .
Focussing on inflation forecast in decision-making and communication makes the inflation forecast a specific (as not formally established) intermediate goal. It has the proprieties of properly set intermediate goal (correlation with the final goal, controllability by the central bank, transparency) (Debelle, 1997) , (Svensson, 1997) . If the central bank uses the forecast as an intermediate target, it implements inflation forecast targeting (IFT). Forecast targeting is perceived as a simple policy rule that involves the commitment to a particular decision procedure for monetary policy and distinctive approach to communication policy (regular publication of quantitative projections together with extensive discussion of the reasoning underlying these projections) (Woodford, 2012) . It is also argued that subscribing the function of an intermediate target to the inflation forecast simplifies implementing and monitoring monetary policy (Svensson, 1997) . While setting the monetary policy instrument, the central bank analyses the relation of the inflation forecast to the inflation target in monetary policy horizon. The interest rate should be set so as to make the inflation forecast equal to the inflation target in monetary policy horizon. If the inflation target is above (below) the target, the main rate of the monetary policy should be raised (lowered). If the central bank produces unconditional forecast with endogenous interest rates, the central bank's reaction function implies such policy path (set of current and subsequent interest rates) that should bring the inflation (and the forecast) to the target in monetary policy horizon. If the forecast is conditional (for example on the constant central bank rate), the MPC uses the rule of thumb to adjust the rates. Ex-post inflation may differ from the targeted level because of the forecast errors (Svensson, 1996) .
Supporting the decision-making procedure of the central bank is an internal function of the forecast. In the context of expectations formation, the most important one is its external function. It is fulfilled if the forecast is published. While making decisions, economic agents are taking into consideration the whole expected interest rate path. The forecast, especially when the policy path is revealed, shows not only the next step of the MPC but possible subsequent actions as well. Inflation forecast can also anchor expectations when the inflation target is temporarily missed. It can serve as such a temporary anchor, especially in situations where the target is missed because of shocks that are out of control of the central bank. Anticipated course of inflation, showed by a credible central bank may limit the expectations' growth (Skořepa, 2003) .
The purpose of this paper is to verify whether the interdependences of the inflation forecasts and consumers' expectations depend on (1) central banks' consistency in inflation forecast targeting and (2) its credibility and effectiveness. A brief overview of the literature given above shows that the forecast may be an important component in decision-making of the MPC and a tool that supports expectations formation. The forecast message should be followed by the MPC. It enhances the forecast possible relations with expectations. If the central bank's information is to be taken into consideration by the public, the central bank itself should be credible. This is connected with the second part of this paper's hypothesis. Quite simple but capacious definition of credibility says that the central bank is credible if people believe that it will do what it said (Blinder, 2000) . Central bank's credibility is unobservable directly. There is no accepted measure of credibility. Its measurement refers to the central bank's effectiveness or the public beliefs in central bank's ability to fulfill its obligation. Three credibility measures relying on the deviation of the past inflation (or inflation expectations) and actual inflation are applied here. Their extension is the Kia and Patron formula described in the next section.
Research Methodology
The research covers 4 countries. Details on the sample are given in Table 1. Methodology covers 2 stages, each including several steps ( Table 2 ). The division into two stages is the result of the research outline: during the first stage the existence of the interdependences of inflation forecasts and consumers expectations was verified. The results confirm the existence of such relations of weak to moderate strength. The results and methodology of this research have been already described in Szyszko (2015) and is not presented here in detail (outlined in Table 3 ). The second stage of the research is crucial for verifying the hypothesis of this paper. It covers 2 steps. The first one consists in assessing the central bank's credibility. The measures that are applied are listed in Table 4 . The literature gives a vast choice of the credibility measures, three of which have been adopted in the following paper. The first one is a standard measure of credibility and the measure of the central bank's effectiveness as well. It delivers ex-post evaluation of the central bank's declaration on the main goal fulfillment. It is assumed that the central bank is credible when the coefficient is between 0 and 1. It is consistent with the way how central banks design their goal. Usually it is given with the accepted fluctuation boundary of +/− 1 p.p. If the mean deviation of actual inflation from the inflation target does not exceed 1, it means that the inflation was within the accepted fluctuation boundary. The higher the coefficient is, the lower is the central bank's credibility.
Second measure is Kia and Patron formula (Kia, Patron, 2004) . As it is the exponential function, the increasing deviation of inflation from the inflation target means that the credibility of the central bank decreases faster. The interpretation of credibility here is consistent with the previous measure and refers to fluctuation boundary. The deviation from the target of 1 p.p. implies the value of the formula close to 60.65 points. That is why it is assumed that the central bank is credible when the Kia and Patron formula is between 60 and 100 points.
The last credibility measure is mean absolute deviation of inflation expectations from inflation target. Its interpretation is again in line with the inflation target formulation. The replacement of the actual inflation with inflation expectations distinguishes the measure from the first one. It enables the ex-ante evaluation of the central bank's credibility. The first measure highlights the actual possibility of achieving inflation target (central bank's effectiveness). The third one -economic agents' beliefs in central bank's ability to do so. Joint, 2007) . The answers to the survey's questions are the starting point for quantifying inflation expectations using the adjusted Carlson-Parkin probability method (Carlson, Parkin, 1975) , (Łyziak, 2003) .
Inflation forecast
Inflation forecast is published in Inflation Report or equivalent document on monetary policy. They are published with different frequency, usually quarterly. The forecast is published on the fan chart, the explicit level of central path is not necessarily given. This is one of the reasons why the data on the forecast are encoded in the way consistent with inflation goal formulation. The relation of the central path of inflation and inflation target at the beginning of transmission horizon is checked.
Interdependences measures
Non-parametric statistics. Under a null hypothesis there is no monotonic association between inflation forecast results and expectations or the two variables are independent at α = 0.05. As the forecast is produced 3-6 times per year and the expectations are examined monthly, one forecast message may influence the expectations formation 3 times (lags: t, t+1, t+2, t+3) . The central path is repeated for the months following the month when the forecast was produced.
Source: author Two additional remarks on measuring the central bank's credibility should be made. First of all, all the credibility measures given in Table 4 are proxies. Secondly, they refer to the deviation of the actual or expected inflation form the target. In inflation targeting regime, the actual inflation is allowed to temporarily deviate from the target. The central bank ignores shocks to limit its own reaction effects for the real sphere. There are alternative credibility measures like the one comparing inflation factors, described in Inflation Reports with ex-post identified inflation factors (Bulir, Hurnik, Smidkova, 2014) . In this research central bank's qualification as credible or not credible is less important that credibility comparison of the central banks covered by the examination.
The last step of the research is of a qualitative nature. It verifies whether the central bank really implements IFT. Table 5 presents possible aspects that can be checked here. For the purpose of the following study, only the second aspect described in Table 5 is used. The assessment of the MPC decisions consistency with the forecast depends on the interest rates assumption. When the central bank produces conditional forecast, the relation between the central path of inflation and inflation target in the monetary policy horizon determines next MPC decision. If the central path of inflation is above (below) the target, the interest rates are to be raised (lowered). When the forecasted inflation is within the fluctuation band of the target, any MPC reaction is consistent with the IFT implementation. The central path of inflation at the targeted level means that the rates should remain unchanged. When the central bank produces unconditional forecast with endogenous interest rates, the next MPC step is given explicitly by the policy path. However, there are several possible ways to understand central banks' consistency in IFT implementation (Szyszko, forthcoming) . For the purpose of this research, simplified version described above is applied: the central bank is consistent with IFT, if its decisions are not in contradiction to the forecast message. The central bank commitment to IFT depends also on several qualitative factors, including forecast ownership or the MPC members engagement into forecasting procedures. 
Formal declaration on the importance of inflation forecasts
It shows to the public what the declared role of inflation forecast in monetary policy is. This declaration is just the starting point as the actual behaviour of policy makers does not always reflect the declaration.
Consistency of the decision of the MPC with the inflation forecast result
The rule of thumb suggests the central bank's decision. The decision can be derived explicitly (when central bank's rates are endogenized, from the policy path) or implicitly (when projection is reduced). Both versions are described above in details.
Decision timing
It shows whether the central bank perceives the forecast as the best information on the future state of the economy; if it does, it makes decisions consistent with the forecast just after the forecast is made.
Decision justification
It shows the main rationale behind the decision on interest rate; the central bank sends the message on the importance of forecast to the public if it refers to the forecast message in the justification.
Note: Consistency of the MPC decisions with inflation forecasts is then expressed by means of the coefficient giving the percentage share of the decisions that are not in line with the forecast results in total number of decisions.
Source: own on the basis of (Szyszko, 2011) .
Results and comments
Empirical results are presented below. Table 6 gives the outline of the first stage of the research results. For all the central banks covered by the examination the null hypothesis on the nonexistence of interdependences of inflation forecast and inflation expectations is rejected at α = 0.05. It means that there is a monotonic relationship of the inflation forecast and the expectations. The strength of the interdependences varies among countries. It is weak to moderate. It is also more remarkable when the lag is longer, which is in line with the epidemiological expectations theory: media need little time to process and publish the message on the central bank forecast but consumers need more time to absorb it. Table 7 presents details of the second stage of the research -searching for the interdependences determinants. In the light of the measures applied, none of the central banks is credible. Central banks can be ranked according to their credibility. Sveriges Riksbank with the lowest absolute deviation of inflation from the inflation target and deviation of inflation expectations from the inflation target has the highest level of credibility. It is confirmed with the Kia and Patron formula at the level closest to 60 points. The SR is followed by the NBP and the CNB. The difference between Poland and the Czech Republic is not significant. The NBH has the poorest performance in terms of credibility.
The ranking of the central banks' consistency in implementing IFT shows that the CNB followed the message of the forecast in 97% of decisions while the less consistent central bank of Hungary did not so in almost ¼ of the decisions.
The HNB diverges from the other central banks significantly. It is due to the strategy that it implemented: prior to February 2008, it declared to implement inflation targeting but, in fact, it implemented a rather eclectic strategy. It operated within the framework of inflation targeting except for the exchange rate regime. The Hungarian forint rate was fixed to the euro with the accepted fluctuation band of +/−15% around the central parity. The majority of the interest rate decisions that were not in line with the forecast message were made prior to February 2008. The NBH inconsistency in IFT implementation can be also observed while considering communication. Even in the months when the forecast is revealed, it is not in the center of the Monetary Council discussion as could be inferred from the abridged minutes of the MPC. In March 2011 the NBH started to produce forecast with endogenous interest rates. However, in contrary to the predominating practice of the central banks, the policy rate path is not made public. In the first Inflation Report where the forecast with endogenous interest rate was presented, the NBH stated that qualitative suggestions concerning the expected direction of policy rate measures will be given. This practice was dropped at the end of 2011. The fact that the NBH produces interest rate path but refuses to reveal it may interfere with the evaluation of the MPC decisions' consistency. The policy path should be the reference point while assessing it. If it is not revealed, standard rule of thumb referring to the relation of the central path of inflation and inflation target must be applied to assess the decision consistency.
Regardless of the poorest results for credibility and consistency in IFT implementation, it was not the case of the NBH where the interdependences of inflation forecast and expectations where the weakest. The result for CNB is surprising in the light of relatively good coefficient of credibility and consistency in IFT implementation. Additionally, the CNB proved to be one of the most consistent IFT targeters while considering the other qualitative aspects of IFT implementation (described in Table 5 ). At the end of the research period, the Bank Board operated close to the nominal boundary of the interest rate, finally touching the zero bound in December 2013. Since then, monetary policy easing has been performed through exchange rate channel (verbal and actual intervention on forex). Following the policy path was not possible.
The sample for the CNB covers 50 forecasts. Only 5 out of 50 forecast are conditional. This is a possible reason of weaker interdependences of the forecasts and expectations: here the central path of inflation was compared with inflation forecast. There are two justifications of such a choice. The first one is of a theoretical nature: despite the possible positive effects of publishing interest path, the gains from revealing it are relatively smaller when compared with the publication of the inflation projection itself. It is quite difficult for economic agents to forecast economic development. But once they are given, the forecast of inflation (or broader -macroeconomic forecast), they can much easily predict future level of the interest rates (Brzoza-Brzezina, Kot, 2008) . The second reason is of an empirical nature: the interdependences of the forecast and policy path (instead of the central path of inflation) were also calculated in this research. Their strength is moderate (around 0.50) but the sign is counterintuitive: it is positive. Possible explanation here is that the policy path should bring inflation to the inflation target in the monetary policy horizon. It is not always fulfilled, especially at the beginning of monetary policy horizon as the economy needs more time to reach equilibrium (inflation target for inflation).
The While summarizing the empirical research, it needs to be said that the hypothesis of the paper is not fully confirmed due to the lowest interdependences of inflation forecast and inflation expectations of the CNB. The panel of 4 countries also limits the possibility of the results generalization. However, the research delivers the possibility to compare several features of the central banks in the context of their ability to influence inflation expectations.
Conclusion
Despite the fact that the results are not unambiguous, the research contributes to the discussion on the factors that are the preconditions for supporting expectations formation of the households. The actual behaviour of the central banker and the consistency with the declarations, here expressed with the central bank credibility and its consistency in the declared IFT implementation, seem to be such conditions. However, it is not enough to be credible and consistent to reach high interdependences of inflation forecast and expectations. The research will be more informative if the sample of the countries under study is extended. The author is currently working on a broader analysis encompassing Romania, England and Norway. There are also other possible factors affecting expectation formation via inflation forecast. They are often of qualitative nature, as the central banks' transparency or transparency of forecasting system itself.
The research result can possibly be affected with the choice of research period. It is quite long and turbulent: it covers episodes of stronger disinflation and higher inflation volatility. During the research period the central banks changed their goals level and applied some additional monetary policy measures. Some of them operated at zero lower bound. Having long-time series usually expose the research on the risk of institutional changes that may affect the sample.
The difficulty of such research relies also on finding the balance between the factors that are considered and actual capability of the households to gain and process informationeven by the media.
